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METHOD FOR FABRICATING A MFTAUJC OXIDE OF 
HIGH DIELECTRJC CONSTANT, METALLIC OXIDE OF 
HIGH DIELECTRIC CONSTANT, GATE mSULAITNG FILM 
AND SEMICONDUCTOR ELEMENT 

BACKGROUND OF THE INVENTION 
Field of the Invention 

(0001) This mvenUon relates to a method for fabricating a metallic oxide of 
high dielectric constant, a mctalUc oxide of high dielectric constant, a gate 
5 insulating fiitn and a semiconductor element. 
pescription of the related art 

[0002] Conventionally, as a gate insulating fflm of a semiconductor element 
such as a Si MOSFET, in view of thermal stability and interface characteristic a 
Si oxide film has been employed aU these years. With the development of 

10 performance and function of a semiconductor clement, in contrast, the Si oxide 
film is intended to be thinned. However, it is considered that the thinning of the 
Si oxide film reaches the limit, so that attention is paid to an insulating film of 
high dielectric constant substituted for the Si oxide film as the insulating film of 
high dielectric constant. 

15 10003) In the use of the insulating film of high dielectric constant as the gate 
insulating film, such various properties are required as high dielectric constant, 
low leak current, low defect density and flat interface between the Si substrate 
and the insulating film without any interface layer. 

[0004] A conventionally developed insulating film of high dielectric constant 
20 has only a polycrystallinc structure, so that the large leak current is flowed 

through the insulating film because the grain boundaries of the insulating film 
serve as leak current paths. As a result, the conventional insulating film of high 
dielectric constant can not be employed as the gate insulating fUm. Also, in the 
fabrication of the insulating fihn of high dielectric constant, an interface layer of 
25 low dielectric constant and large surface rougjmess is formed though the reaction 
between the hisulating film deposited and the Si substrate, so that the operating 
performance of 0»e intended Si MOSFET and the like containing the insulating 
fihn of high dielectric constant is deteriorated. 
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SUMMERY OF THE INVENTION 
[0005] It is an object of the present invention to provide a new metallic oxide 
jfiUn of high dielectric constant which has a small amount of defecsts such as 
crystal grains to inhibit the leak cuirent suffideutly and thus, is preferably 
5 employed as a gate insulating film or the like of a semiconductor element 

[OOOfl For achieving the above object, this invention relates to a method for 
fabricating a metallic oxide film of high dielectric constant, comprising the steps 
of: 

cpitaxiaUy growing a given metallic oxide film on a substrate, and 
10 thermally treating the substrate and the metallic oxide film to mix 

constituent elements of the substrate with constituent metallic oxide elements of 
the metaUic oxide film and to form the metallic oxide film of high dielectric 
constant on the substrate. 

[0007] According to the present invention, the intended metallic oxide film 
of high dielectric consunt can be fabricated through the two fabricating steps of 
cpitaxially growing a meUllic oxide film and thermally treating a substrate and 
the metallic oxide film. In the thermal ueatment, the constituent elements of 
Tire substrate^d^c constituent mctaBiCHSxidc^emcnts-ofJhcjnctallic oxide 



IS 



film are mixed, so that the intended metallic oxide film can be formed in minute 

20 polycrystal or amorphous. 

[0008] Therefore, the intended metallic oxide film can have sufficient high 
dielectric constant, and the amount of defect such as crystal grain of the intended 
metallic oxide film can be reduced suffidenfly. As a result, If a SI substrate is 
employed as the above-mentioned substrate and the insulating film of high 

25 dielectric constant is employed as the gate insulating film to fabricate a 
semiconductor element such as a Si MOSFET, the leak cunent of the 
semiconductor element can be reduced sufCdently. 

[0009] In the present invention, since the above-mentioned epitaxial growth 
and thennal treatment arc performed under equflibrium stote, the metallic oxide 
30 film of high dielectric constant can be fabricated under stable state in energy. 
Therefore if the metallic oxide film is employed as the gate insulating film and 
the resultant assembly containing the gate insulating film Is processed to 
febricate a semiconductor element such as a Si MOSFET, the metallic oxide film 
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can not suffer from the thennal treatment and the like in the process. As a result, 
various properties such as crystal stmcturc of the metallic oxide film can be 
maintained through the process, so that the semiconductor element can be 
fabricated as designed initially. 

[0010] Herein, in the metallic oxide film of high dielectric constant of the 
present invention, the wording "high dielectric constant" is not restricted, but for 
example, means a relative dielectric constant of 20 or more. 

Detafls. other features and advantages of the present invention wiU be 
described below. 

BRIEF DESCRIPTION OF THE DRAWINGS 
For better understanding of the present invention, reference is made to 

the attached <lrawings, wherein 

Fig. 1 is an explanatory view of a fabricating method of metallic 
oxide film with high dielectric constant according to the present invention. 

Fig, 2 is another explanatory view of a fabricating method of metallic 
oxide film with high dielectric constant according to the present invention, and 

Fig. 3 a high resolution TEM photograph of an amorphous PrjOg film 
obtained by the fabricating method of the present invention. 
[0011] 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
This invention will be described in detail hereinaftM: 
Figs. 1 and 2 are explanatory views of a fabricating method of 
metaUic oxide fOm with high dielectric constant according to the present 
hivention. In the present invention, first of all, as illustrated in Fig. 1. a metallic 
oxide film 12 is epitaxially grown on a substrate 11 by means of normal film- 
forming technique. The mctalUc oxide film 12 is a raw material for an intended 
metalUc oxide film of high dielectric constant to be formed latcr,.so contains 
constituent elements of the intended metallic oxide film. The mctalUc oxide is 
preferably made of high dielectric constant material. 

[0012] In the use of the intended metallic oxide film as a gate insulating film 
of a MOSFET and the like, the substrate 11 is constructed of a Si-containing 
substrate. In the use of a Si snbstxate, some impurities may be contained in the 
Si substrate, and an additional thermally oxide film is formed on the Si substrate 
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to fabricated a multilayeied base substrate. 

[0013] In the use of the Si-containing substrate as the substrate 11, the inetalUc 
o^cidefilm 12is preferably made of at least one selected bom the group consisting 
of PrjOs. SrHOj. CeOa, ZKh and Y3O,. In this case, the metallic oxide film 12 
can be epitaxiaUy grown easily on the Si-containing substrate, and the dielectric 
constant of the metallic oxide film 12 can be developed. In addition, the 
constituent metallic oxide elements of the metallic oxide film 12 can be easily 
mixed with the constituent elements, that is. Si elements of the Si-containing 
substrate so that the intended metallic oxide film of high dielectric constant can 
be easily fabricated. 

[00141 Herein, in the epitaxial growth of the metallic oxide film 12 on the 
substrate n, if vacoun. deposition, sputtering or CVD is employed, the epitaxial 
growth can be perfcnncd by controlling various conditions such as the temper- 
ature of the substrate 11. In substitution for the vacuum deposition and the like, 
liquid epitaxy technique may be employed. 

[0015) Then, the substrate 11 and the metallic oxide 12 are thermally treated 
to mix the constituent elements of the substrate 11 with the constituent metallic 
oxide elements of the metalUc oxide film 12 and to form the intended metaDic 
oxide fihn 13 of high dielectric constant on the substrate 11. 
[0016] The theimal ucatment is required to be performed under the 
cxpecuting condition of mixing. Concretely, the thermal treatment may be 
preferably performed within a temperature range of 900-lOWC In this case, 
the mixing of the constituent elements can be easily performed. 
[0017] In addition, the thermal teeatment may be preferably performed under 
non-oxidizing atmosphere. In this case, the formation of an interface layer 
between the substrate 11 and the metallic oxide film 13 of Mgji dielectric 
constant can be inhibited, and the surface roughness of the metallic oxide film 13 
can be developed. Therefore, various properties such as high dielectric constant 
of the metallic oxide film 13 can be maintained even though the metalUc oxide 
film 13 is thinned sufiiciently, and thus, the metallic oxide fihn 13 can be 
employed as a gate insulating fihn and the like of a semiconductor element such 
as a MOSFET. 

[00181 As the non-oxidizing atmosphere can be exemplified nitrogen 
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atmosphere, iuert gas atmosphere and deprcssuiized atmosphere, to view of 
simplicity of a thermal treatment apparatus and low cost, the nitrogen atmosphere 
can be preferably employed. 

[0019] In the nse of the nitrogen atmosphere, the thermal treatment may be 
5 performed under atmospheric pressure, hi this case, therefore, additional 

pressurizing operation and depressurizing operation are not required, so that the 
thermal Ueatment apparatus and the fabricating process can be simplified. 
[0020] If the thennal treatment is performed under the above-mentioned 
preferable temperature range, the heating rate is increased as short period of time 
10 as possible so as to enhance the mixing of the constituent elements of the 

substrate 11 and the metallic oxide film 12 and not to inhibit the formation of an 
inteimediate compound. Concretely, the heating rate is preferably set within 
50-lO0"Cysec 

[0021] The metallic oxide film 13 of high dielectric constant is formed in 
arooipbous or polycrystal with minute crystal grains through the mixing of the 
constituent elements of the substrate 11 and the metallic oxide film 12. As a 
result, the defects such as grain boundaries and the like can be reduced, and thus, 
leak current due to the defects can be inhibited cffecUvely. Preferably, the 
metallic oxide film 13 is rendered amorphous. 

[0022] As mentioned above, the metallic oxide film 13 can be employed as a 
gate insulating film of a semiconductor clement such as a MOSFET. and the 
moltilayeied structure constructed of the metallic oxide film 13 and the substrate 
11 can be employed as a gate insulating film structure if the substrate 11 is 
laade of the Si-containing substrate. 

(00233 to this embodiment, as iUustrated to FigS- 1 and 2, since the mixing of 
the constituent elements is performed over the thickness of the metallic oxide 
film 12, the metallic oxide Sim 12 is diminished and converted into the metallic 
oxide film 13 of high dielectric constant. If the mixing of the constituent 
elements is stopped on the way of the thickness of the metallic oxide film 12. the 
metallic oxide film 12 remains partially on the metallic oxide film 13 of higji 
dielectric constant, to the latter case, therefore, the remaining metallic oxide 
film 12 is removed by means of etching after the formation of the metallic oxide 
film 13. 
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Example: 
(Example) 

A Si substrate was prepared, and a PijOa film was epitaxially grown 
5 in a thickness of 8nm on the Si substrate by means of electron beam deposition. 
In the epitaxial growth, the Si substrate was heated at 500"C. Then, the Si 
substrate and the P2O3 film were thennally treated at 1000»C for 30 seconds 
under nittogen atmosphere and atmospheric pressure to mix the Si elements of 
the Si substrate into the P2O3 fiSm. Herein, the Si substrate and the PiOj film 
10 were heated at lOOO'C for IS seconds. 

[00251 Fig. 3 is a high resolution TEM photograph relating to the cross 
secticm of the multflayercd structure constructed of the Si substrate and the P2O3 
fihn after the thermal treatment. As is apparent from Fig. 3, it was turned out 
that the PjOa fihn was amorphous through the mixing of the constituent elements. 
15 Jt is also turned out that no interface layer is formed between the Si substrate and 
the amorphous P2O3 01m. The specific conductive capacity of the P2O3 film 
was 20. 

[0026] Then, a Pt electrode was formed on the amorphous PrjOa film to 
measure the leak current density. At the measurement, it was turned out that the 

20 leak current density was 3.6xlO-'A/cm^ Therefore, the amorphous Pr203 film 
can be preferably employed as a gate insulating film of a MOSFET and the like. 
[0027] Although the present invention was described in detail with reference 
to the above examples, this invention is not limited to the above disclosure and 
every kind of variation and modification may be made without departing from 

25 the scope of the present invention. 

[00281 As mentioned above, according to the present invention can be 
provided a new metallic oxide film of high dielectric constant which has small 
amount of defects such as crystal grains to inhibit the leak cnnent su€Bciently 
and thus, preferably is employed as a gate insulating film or the like of a 

30 semiconductor element. 
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